College, Catford. As a schoolboy he was bright, interested in chemistry, angelic in appearance, and if his later, no doubt selective, recollections of his amusements in vacations are to be trusted, not a little mischievous. For a period he was a choirboy at St M ary's Church, Lewisham, but he grew up to be rather distrustful of religious attitudes, possibly because of the fate of two extremely devout elderly relatives, who became unbalanced in their last years. He had, however a steely integrity, which would not allow emotion to influence judgement.
friend. The brother, Geoffrey L. Butler did not pursue a scientific career, but later became known as an enthusiastic exponent of contract bridge. The sister in due course became hib wife. A motor bicycle features in this stage of their joint career, together with parties, tennis, dancing and bridge. Pfeil was a well set up and well groomed young man, who combined a sometimes superior air with a very considerable charm, and together they were a gay and attractive couple.
After graduation, Pfeil was appointed to be a Junior Lecturer in Metal lurgy under Professor C. A. Edwards in the newly formed Metallurgy Department of the University College of Swansea. The steel industry of South Wales was enjoying a post-war boom, but it was relying on obsolescent methods and outworn plant. Professor Edwards had thrown himself enthusiastically into the study of the technological problems of the industry, and Pfeil began by undertaking the associated metallographic problems of the steel. The co-operation was immediately successful. Difficulties were being experienced locally with the deep pressing properties of sheet steel. In a remarkably short time joint papers were published in which it was shown that the trouble was essentially due to local decarburization of the steel, which rendered it susceptible to excessive grain growth on annealing after critical strain; and following the methods that had recently been used by Carpenter and Elam to produce single crystals of aluminium, single crystals of iron were made, and their mechanical properties were examined. The work was assisted by a grant from the Carnegie Scholarship fund of the Iron and Steel Institute, and after a further series of papers notable for the energy and mastery of detail they displayed, the degree of Doctor of Science of the University of London was awarded, in 1927.
In all this time he carried a full lecturing load, and was an excellent lecturer, precise and orderly in statement, with a trenchant critical faculty, much appreciated by his students. He was a very hard worker. Growing single crystals involved protracted heat treatments of hundreds of specimens, each having its unique history. He had little assistance, and prepared his test pieces with his own hands. His office was filled with electric furnaces and gas cylinders, and he was most methodical in his procedures and in the disposition of his time. It was the failure of one of these heat treatments that led to his second important investigation. The specimens had nominally received several weeks' treatment in a reducing atmosphere, but when the furnace was opened they were covered with a beautiful thick layer of shining iron oxide crystals, and the identification marks were nowhere to be found. In the hope of rescuing the situation he broke away the scale, and looked for traces of the stamp marks on the exposed surface of the metal, without result. He then noticed that the scale had a well marked layered structure, and, on separating these layers found the stamp marks, clear and bright, on the outer surface of one layer and on the inner surface of the next. This surface clearly represented the original surface of the bar. The specimens were identified, and the experiment could proceed.
At that time the dry oxidation of metals was discussed entirely in terms of the diffusion of oxygen through the scale layer, but the growth of iron oxide crystals on the outside of the original surface indicated that diffusion of iron outwards must also be concerned. Dr Pfeil therefore examined the composition and structure of the successive scale layers, related the structures to the phases of the iron/oxygen system, and showed how a counter current diffusion mechanism could explain both the sequence of structures and the special features introduced by variation of temperature and the presence of alloying elements. These observations were valuable and suggestive when the importance to the physical and chemical properties of crystals of departures from perfect stoichiometry and perfect atomic order was first beginning to be recognized.
In His shrewdness, competence and social expertise came to his aid, and he quickly made friends with the local management and became accepted as an adviser. One problem concerned the influence of minor additions on the life in service of the nickel chromium alloys used in electrical resistance heating elements, in which enormous improvements were made, and much work was done, without the phenomena ever being entirely understood. O ther problems were the improvement of the corrodability of anodes used in nickel plating, the production of 'gas free' alloys for the electrical industry, and the study of the special properties and usefulness of materials made from nickel powder produced by a variation of the carbonyl process. The last subject initiated his long sustained interest in powder metallurgy.
The primary objective was, however, to build up a staff capable of developing all the applications of nickel on the national and if necessary on the international scale. Accordingly there were extensive programmes on the functions of nickel in steels and cast irons of all kinds, and on the cor rosion resistance of nickel alloys generally. A new laboratory in Birmingham was built in 1934-1936, and quickly established itself as one of the principal metallurgical research laboratories in the country. The applications of the austenitic nickel-chromium steels and the corrosion resistant nickel-chromium and nickel-copper alloys to the chemical industry and the food processing industries were examined. There was an entensive study of the cooling transformations of alloy steels, mainly because of the insistent demand of the automobile industry for cheaper alloy steels. The work was distinctive in method and outlook, and made an important contribution to the under standing of alloy steels generally. Later, the welding of the stronger, alloyed plate steels attracted attention; and throughout there was a continuous background of work on the special materials problems of the telecommuni cations industries and of the aircraft engine, in which Dr Pfeil himself always showed a special interest. He was also active in committee work for the Iron and Steel Institute and the Institute of Metals, and for the metal lurgical research associations, particularly the British Non-Ferrous metals Research Association and the British Cast Iron Research Association.
With the outbreak of the second war the purpose of the Birmingham laboratory was immediately changed, for it was obvious that it would no longer be necessary to develop the applications of nickel, but vital to confine its use to the most essential purposes. The programme was revised. The fundamental programme on alloy steels was discontinued, to be replaced by 'trouble-shooting' jobs for the Department of Tank Design. These were numerous for a while, but as the nature of the problems became clearer the fundamental approach gradually returned, and became concentrated on the relation between the hardenability of steels and their toughness and susceptibility to cracking in the neighbourhood of welds.
The major wartime contribution of the laboratory was undoubtedly the development of heat resisting alloys for use in gas turbine engines. The amount of work on this subject throughout the world was then such that in retrospect it seems obvious that the correct type of material must ultimately have been recognized. The achievement of the Birmingham laboratory was to be the first to understand the essential requirements and the types of material, the heat treatments and the methods of manufacture that would be needed; and to develop the highly successful 'Nimonic' series of heat resisting alloys, with the result that the British aircraft industry was given a lead that served it well throughout the post-war period.
In the popular mind the fundamental part played by alloy development in the rise of the gas turbine is not adequately recognized, and since thirty years afterwards it is apparent that the gas turbine has produced a perma nent revolution in the travelling habits of mankind and is likely to produce an equal revolution in the production of industrial power, it is perhaps worth while to record some details of the steps by which the essential materials development was made.
The thermodynamics of the gas turbine were already understood in the middle of the nineteen thirties, and notional engines for driving a conven tional aircraft propeller had been designed; but the conditions of stress and temperature necessary to yield a useful advantage over the piston engine were such that no known materials would withstand them. On being consulted at this stage as war became increasingly imminent, Dr Griffiths (later Sir William Griffiths) took an important initiative by insisting that a set of properties giving a sufficient advantage be defined, on the general ground that his laboratory would have a better chance of hitting the target if they knew where it was, and these properties were somewhat arbitrarily defined as the ability to withstand a stress of 3 tons per square inch at 750 °C Biographical Memoirs 481 under oxidizing conditions, without suffering more than 0.1% permanent deformation in 300 hours, the nominal life of a fighter plane in wartime. This time was sufficiently low for testing to be carried out over the full expected life of the material. With this decided, at the end of 1939 Dr Griffiths and Dr Pfeil spent a period at Farnborough, to get first hand knowledge of the dimensions of the problem, and Dr Pfeil left the laboratory with the half serious instruction that he would expect to see an alloy with the required properties on his return.
The laboratory then had six creep machines, and we began by asking Wiggin to provide samples of any experimental nickel-chromium alloys that had exhibited notable resistance to hot forging and rolling operations. Six of the most stubborn alloys were selected and put on test, first as received, and then after a heat treatment designed to bring them to a uniform metal lurgical condition. The results were extraordinarily variable. The alloys were not in the same order of merit after heat treatment as before, and one of the alloys was so near the requirement as to show that success would certainly be possible. This alloy was one that had been made at Dr Pfeil's suggestion to meet a cracking difficulty encountered with the high-carbon nickel-chromium alloy used for coating the heads of aero-engine exhaust valves. It contained a little titanium, and after some studies of the combined effects of carbon and titanium, the alloy Nimonic 75 was produced, which, though it was never used as a turbine blading alloy, was much used for flame tubes and other sheet metal work in gas turbines.
The year 1940 was spent in establishing the works production of Nimonic 75, including the heat treatment of heavy sections which it was then thought might well be required; but in addition, spurred on by success, systematic explorations of alloys with larger additions of titanium were begun, and, since titanium could at that time only be obtained in the form of aluminothermic temper alloys, of alloys containing various proportions of aluminium and titanium. Very soon an alloy with the required endurance under 3 tons per square inch at 800 °G was available, and came to be called Nimonic 80. Two opinions now arose, one in favour of developing still more creep resistant compositions, and the other emphatic in the view that the works had quite enough on its hands in bringing Nimonic 75 into production; and for a while the second view prevailed.
The situation was changed by news of interest in the Whittle engine. At that time the scientific staff of the laboratory, following the practice that Dr Pfeil had appreciated so much in Professor Edward's laboratory in Swansea, used to meet every morning for coffee and discussion. When the idea of driving an aircraft with its own exhaust gases was first introduced to the coffee party it was greeted with derision. Nevertheless the theory was looked at, and the idea judged to be practicable if the speed of the aircraft were high enough. The turbine blades of the Whittle engine were then failing with discouraging regularity. The temperature of the turbine blade was between 600 °C and 650 °C, much lower than in alternative gas turbines, but the blade stresses were high, around 12 tons per square inch. When tested under these conditions Nimonic 75 failed dismally, but Nimonic 80 was adequate, and, indeed could endure stresses so high as to ensure that the Whittle engine could not only be practicable as designed but would be capable of considerable development.
The problem was now to produce sufficient quantities of Nimonic 80 blading to equip some experimental Whittle engines. This was not easy, since the alloy was awkward in the foundry and the mill, and, until the methods of handling it were mastered, difficult to machine. Nevertheless the difficulties were overcome in time for Nimonic 80 blades to be adopted in the Whittle engine after an experimental E28 jet plane powered with a W.2.B. engine had outpaced conventional fighter aircraft with impressive ease in the presence of Winston Churchill in April 1942. By 1943 it was possible to consider seriously the design of aircraft to fly at 1000 miles per hour.
An enormous amount of detailed development work followed. The effects of every step in the production process on the creep resistance ol the alloy were examined, and more advanced alloys were systematically developed. The work required the installation of great numbers of creep testing machines. Engineers visiting Great Britain after the war were impressed by the many batteries of creep testing machines to be seen throughout the country, for by that time it had been established that high temperature materials for gas turbines should be supplied on the basis of the determined rate of deformation under stress at the working temperature.
Before the end of the war development ceased to be entirely dominated by the requirements of fighter aircraft. The use of jet-propelled civil aircraft with long service lives was foreseen, and the testing periods were appro priately extended. The possibilities of gas turbines in ship propulsion and electricity generation were also considered. The long task of measuring the tolerable stresses for the new alloys for periods up to 100 000 hours, and tor service temperatures between 600 °C and 1000 °C was undertaken, and still continues, as fresh applications of gas turbines continue to be found, and more exacting combinations of working conditions are demanded.
As time wore on, Dr Pfeil became increasingly involved in matters external to the Birmingham laboratory. In the early nineteen forties he became interested in the work at the Acton Laboratory of the International Nickel Company on the value of fibrous structures in platinum tungsten alloy wires. These wires were used in sparking plug electrodes for both British and American aircraft engines, and in 1945 he became responsible for this work. He was also deeply engaged in co-operation with Birmingham University and I.C.I. Metals Ltd, in developing the methods of production of the diffusion membranes used in the separation of the isotopes of uranium. This turned out to be a powder metallurgy problem in which the mechanical strength of the membrane and its permeability to gases needed to be carefully balanced, and in connexion with it he undertook a mission to the United States, worked incessantly, and for a while became ill.
Life was not however without its amusements. There were firewatching and similar activities as a little light relief, and duplicate bridge, at which he could have been brilliant but for a tendency to make an unconventional move just to see what the other fellow would do about it. There were also occasional parties. By this time he had two boys at secondary school age, one of whom showed promise of being, and indeed became, a first class physicist, whilst the other was a very reasonable left hand slow bowler. Dr Pfeil remarked that the British educational system appeared to value the second quality more highly than the first, a disconcerting thought in the light of the way the world was clearly going. When school holidays came the family would drive to Devon, and mess about in boats, usually basing themselves on lodgings, which, he would insist, should not be too tidy, but should have a pleasant and tolerant landlady.
At the end of the war, Dr Pfeil succeeded Dr Griffiths as manager of the Research and Development Department of The Mond Nickel Company Ltd, and moved to London, thereby becoming separated from direct contact with laboratory work, and losing something of what he most enjoyed. His wartime work was recognized by the award of the O.B.E. in 1947. Under his management the Birmingham laboratory was much enlarged, and a thorough study was made of the constitution, heat treatment, and deforma tion mechanisms of the full range of the creep resisting nickel chromium iron alloys. This work had necessarily been postponed during the war, but it was now undertaken with great skill and enthusiasm. The Nimonic alloys were developed and diversified to fill the appropriate ecological niches provided by the engineering industries, and during the next decade creep resisting alloys suitable for temperatures up to 1100°C, and for service lives of several years were made available. A return was also made to the study of low alloy steels for applications requiring toughness and resistance to repeated stresses. The applied stresses and the required endurances were continually rising, and components tended to become very massive, and often liable to be exposed to low temperature. The experimental work continuously demonstrated the need for uniform material, strictly controlled in respect of freedom from certain harmful impurities.
Dr Pfeil came to concentrate increasingly on the technical problems of production policy, and his advice was much sought when the time came for the construction at Hereford of a new works for the expanded production of nickel alloys. He strongly supported the introduction of the Sejournet process (high temperature extrusion of refractory metals using a glass lubricant), fully appreciating the value of extrusion in holding together the fragile cast structure of the more complex creep resisting alloys during the critical first stages of hot working. He was also much interested in developing the flexibility and scope of the carbonyl process. He became a director of Henry Wiggin and Company Ltd in 1946, and of The Mond Nickel Company Ltd in 1951, and in these capacities became noted for his incisive comment and disconcerting ability to detect the point at which enthusiasm and realism were beginning to part company. Not the least of his services to these institutes was his attendance with his wife at their social affairs and dinner-dances, for they both retained the capacity for spontaneous enjoyment that had marked them out in their younger days. In the academic world, he was a member of the Council of the University College of Swansea, and a member of the Technology Sub-Committee of the University Grants Committee. In all this work he was not an advocate of causes so much as a convincing judge of consequences, content to state a view with unmistakable effect, but not persistent in pressing its adoption upon the hearer.
In 1955 he relinquished his control of development and research in his organization to give more attention to wider problems, particularly to the pattern of the company's technical effort in the new Europe of the Common Market, and in Australia. The research laboratories in Birmingham had outgrown their accommodation, and after many plans had been discussed, it was decided to concentrate research associated with current production in Hereford, and the forward looking and more fundamental work in Birmingham. In 1960 he became Vice-Chairman of International Nickel Limited, as the United Kingdom branch of the parent firm came now to be called, and he held this post until he retired in 1963.
Dr Pfeil was elected a Fellow of the Royal Society in 1951. Other honours that came his way included the E. J. Fox Medal of the Institute of British Foundrymen (1953) , the St Claire-Deville Medal of the Soci£t£ Frangaise de Metallurgie (1959) , and the honorary degree in 1960 of Doctor of Science of his own college, the Imperial College of London University.
In the later part of his career he developed a habit of taking his vacations on small coastal craft around the coasts of Britain, often in the company of Dr Maurice Cook, with whom he had formed a close friendship in his Birmingham days. Later his garden and his greenhouse occupied an increasing share of his time, for he liked to grow things from seed, to record their variations and generations, and to stock his flower beds with products of his own breeding. Gardening cis the purest of human pleasures5, and it was probably the quietness and simplicity of the occupation that attracted him, for in him, beside a hard and clear sighted realism that amounted almost to cynicism, there was a dislike of the conventions and insincerities of life, and a kindness and sympathetic humour that could be most engaging. His last years were clouded by the tragic death of his elder son, in a drowning accident.
Dr Pfeil died at his home in Purley, Surrey, on 16 February 1969, towards the close of his seventy-first year, and was survived by his wife and younger son, and several grandchildren. His contributions to physical metallurgy had been unusually varied and outstandingly useful; and his influence on his contemporaries in metallurgical industry widespread and stimulating. As teacher, research director and administrator, many men had passed through his hands and subsequently played their own significant parts, and there were few who did not learn much from him, and did not regard him with affectionate respect. 
